The Earth's F-region ionospheric plasma displays structure perpendicular to the magnetic field on scales from hundreds of kilometers down to centimeters. The physical processes that operate over such a wide range of scale sizes are, of course, very diverse. At the largest scales (. -10 kin), production, loss, and transport of structured plasma are dominated by aeronomic processes including energy sources of magnetospheric origin. At intermediate (0.1 km < " < 10 km) and small (0 < 100 m) scales, plasma instabilities and cross-field plasma diffusion are often the dominant physical processes controlling the plasma structure. However, because nonlinear plasma processes can couple strcutures in one scale length regime to other spatial frequencies, the entire spectrum of irregularities must be studied as a whole.
Polar orbiting satellites find two main zones of maximum irregularity occurrence in the F-layer ionosphere, as detected by both plasma density and electric field fluctuation sensors.
One is located near the nighttime magnetic equator. The other zone is located throughout the vast high-latitude region bounded roughly by the polar cusp in the Local time zone 0800-1400 and by the equatorial boundary of the highlatitude convection pattern at other local times. This equatorward boundary for the polar zone of structure is thus well equatorward of the classical auroral oval at most local times.
In both of these irregularity zones, the structured plasma can disrupt transionospheric radio wave communication channels. Hence, the interest is practical as well as purely scientific in understanding the processes that control the production, evolution, and decay of plasma structure. The equatorial zone has received the most attention in the recent past in both the theoretical and experimental arenas.
This is in part due to the relatively large data base available from radar and rocket measurements made under DNA support at the equator.
However, the aeronomic processes are simpler and the sources of free energy capable of driving the F-region plasma dynamics are fewer at the equator than at high latitudes. For example, at mid-and low-latitudes, F-region dynamics are governed principally by neutral atmospheric winds and waves and the dynamo electric field; at high latitudes, these processes are accompanied by particle precipitation, magnetospheric convection electric fields, and auroral current systems flowing parallel and perpendicular to the magnetic field. Nevertheless, the considerable progress made recently in defining and understanding the key physical processes that structure plasma at the equator can also be beneficial to high-latitude studies because many of the processes occurring there (particularly the plasma instabilities) are analogous.
I
In the next section, we briefly summarize the present understanding of high-latitude plasma structuring phenomena and present a set of working hypotheses that form a framework for investigating the origin and spatial extent of high-latitude irregularities.
In the concluding section, we point out the areas for future study that may have the greatest impact on improving this framework. Emphasis is placed on the important contributions that the new DNA polar orbiting satellite, Sondrestrom Raidar, and EISCAT may yield.
II MECHANISMS RESPONSIBLE FOR THE OBSERVED MORPHOLOGY OF F-REGION PLASMA STRUCTURE AT HIGH LATITUDES
To predict the observed F-region plasma structure on a global basis, there are three fundamental questions that must be answered:
(i) When and where are plasma density irregularities produced?
(2) How long do they last?
How far do they convect during their lifetime?
A.
Irreoularitv Production
Perhaps the most obvious source of structured plasma at high latitudes is the structured particle precipitation responsible for the aurora.
Using satellite data, Dyson and Winningham [19741 showed a one-to-one correlation between the 300 eV electron flux boundary and the penetration of an irregular plasma region. The spatial and temporal structure of incoming precipitation has not yet been examined in sufficient detail (particularly at the low particle energies that produce F-layer ionization) to definitively assess the direct contribution of the spatial spectrum of precipitation to that of the resulting ioniza-
tion.
However, during one rocket flight from Greenland thc outer scale of precipitation and plasma density were observed in-situ simultaneously to be -50 km, a value that is similar to that observcd in the F-lay',r ionization enhancements, as measured by incoherent-scatter radar (Kelley et al., 19821 . This agreement suggests that structured soft-particle precipitation is a major source of large-scale F-region plasma density irreLu tarities.
An example of large-scale F-layer density structure, as measured by t10 Chatanika incoherent-scatter radar, is illustrated in Figure 1 , 
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LaCL system with straight, vertical magnetic field lines. These observations from the midnight vector (LT = UT -10 hours) show F-region ionization 5 -3 enhancements or plasma "blobs" that reach -5-6 x 10 cm , which is approximately an enhancement by a factor of five over the background.
Plasma-density enhancements ranging from a factor of two to ten over the background are very commonplace at Chatanika.
These blobs are often observed to convect into the radar field of view from the north (i.e., following the usual midnight-sector convection pattern) and their appearance is not necessarily associated with magnetic activity [Vickrey at al., 19801 .
These plasma blobs can be considered analogous to equatorial "bubbles" because they provide large-scale density gradients upon which convective plasma instabilities can operate to produce intermediateand small-scale plasma structures. Indeed, the steep blob edges are unstable to the gradient drift instability [Linson and Workman, 1970] on one side or the other, depending on the local configuration of electric field and neutral wind. Ossakow and Chaturvedi (19791 ion gyro radits. FieLd-aligned currents, perpendicular plasma shear flow, and paraLlet shearcd-electron flow [ Keskinen, private communication, 19821 have all been invoked to expliain these waves. Above the arc itself, the F laver was smooth at these smaller scales.
Ani important difference between the operation of convective instabilities at the nighttime equatorial ionosphere and at high latitudes is the presence of a highly conducting, precipitating-particleproduced E layer in the auroral zone to which the F-region irregularities are connected via the geomagnetic fielId. E-regpion "shorting"' reduces the growth rate of the convective instabilities and, as will bc discussed more fully be low, reduces the life time of F-lave r 'Irregularities for 
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at what scale sizes they might stir plasma of varying density. an arc-boundary crossing, but that may be an extreme case.
B. Irregularity Lifetime
The second element in our framework for understanding the morphology of structured plasma at high latitudes is irregularity lifetime.
Because we are considering plasma structure in the F layer, recombination will reduce the absolute density on adjacent flux tubes equally (for small amplitude irregularities) and hence, will not reduce horizontaL density structure. Thus, the major process governing the removal of F-region plasma density irregularities, once they are produced, is cross-magnetic-field plasma diffusion. A possibly important process that is ignored in the present discussion is the damping of irregularities by convection into a region in which (or a temporal variation resulting in which) the electric field and neutral wind configuration is stabilizing.
The plasma density gradient at the edge of an irregularity has an associated pressure gradient that tends to cause the plasm.i Lo diffuse away from regions of more dense plasma and into areas of less dense plasma. The diffusion rate, d. (= 3.'* where C is the Larmor radius and ''. is the collision frequency for species j), is larger for ions J than for electrons in the F layer because their gyro radius and, hence, their horizontal displacement per collision is much larger than for electrons (even though their collision frequency with neutrals is less than the electron ion collision frequency). However, when the ions try to diffuse awav from the electrons, an electrostatic field is produced, which retards ion diffusion. ThOIL net result is that the plasma, as a whole, diftutes at twice Lihe slow electron rate.
Let uis now consider the effects of a highly conducting auroral E-region, to which the F-layer irregularities may be electrically connIC ted. The electrons in the F layer can easily move along the magnetic field Lo the E region.
In the E region, they participate in horizontal current z;vstems to short out the ambipolar electrostatic field that would otherwise retard ion diffusion. Thus, for a highly conductin, E region, classical diffusion proceeds at the ion (rather than the electron) rate. Because ions carry the cross field current
and electrons the parallel current, an "image" forms in the E region and acts to slow the net diffusion. However, recombination preveits 4 -3
, where ', is in km and n is cm [Vickrey and Kelley, 19821 .
Vickrev and Kelley [1982] have constructed a simple model of classical cross-field plasma diffusion in the F region including Eregion conductivity effects. They have found that the cross-field diffusion rate depends strongly on the height of the E and F layers as well as their peak electron densities. The fundamental quantity governing the diffusion rate, however, is the ratio of Pedersen con-E _F ductivities in the E and F regions, -/_ . Figure 3 shows the cross-P p field diffusion rate, D , and lifetime, TI kin' of one-kilometer-scale
The presence of a highly conducting E region can enhance the F-region cross-field plasma diffusion rate by an order of magnitude.
C.

High-Latitude Convection
The final element necessary to explain high-latitude irregularity morphology is convection. Large-scale unstable blobs of plasma such as that shown in Figure 1 are observed to convect with the background electric field [Vickrey et al., 1980] . These large-scale features have very long lifetimes and, thus, can convect far from their origins.
Plasma instabilities operating on their edges may produce small-scale plasma structure all along the way. This "cascade" to small scale reduces the lifetime of the large-scale features, but not enough to prtevCnt their transit across the polar capl [Kelley et al., 1982] . This [19821 have quantified a classical picture of irregularity formation and distribution by combining simple models of irregularity production and loss with a two-celled magnetospheric convection pattern. They considered a simple "source" region of irregularities to be an annular ring near the poleward edge of the auroraL oval. This source is a region in which sateLlites have recorded soft precipitating particle fluxes [Foster and Burrows, 1976 We turn now to ways in which the classical model does not fit the observations. Figure 6 The above calculation is obviouslv too approximate and based on too many unverified assumptions to prove conclusiveky that the Bohm diffusion process is operating in the polar cap. Nonetheless, it strongly suggests that some, anomalous process is ope'rating that is much faster than classical diffusion.
To proceed in thc future, it will be necessary to measure the complete spectrum of irregularities and their associated electric fields across the polar regions to distinguish between anomalous diffusion processes due to various microinstabilities [e.g., Gary, 19801. This will be discussed more fully in Section III.
D. Irregularity Geometry
Any viable theory for the formation and evolution of plasma Recently, Keskinen and Ossakow [19821 have performed numerical simulations of the gradient drift and current convective instabilities operating on a blob such as shown in Figure I for typical auroral Fregion conditions. They have found that the primary and associated (secondary) small-scale structures can be oriented in either the northsouth or east-west direction depending on the ambient electric field magnitude and direction. Because the meridional electric-field component in the auroral zone is typically five times the zonal component, any primary (north-south) structure can be quickly destabilized by the meridional electric-field component to produce secondary structure, which is east-west aligned.
Another mechanism for producing kilometer-scale east-west structures in the auroraL zone can result if the large-scale blobs themselwves are not infinitely extended in the east-west direction.
Any large-scatlI zonal gradients can be acted upon bv thL' meridional IgI I electric field to produce (primary) east-west aligned structure.
Recently, a campaign of experiments with the Chatanika radar was conducted to measure east-west structure of the large-scale blobs. Evidence that convection may indeed influence irregularity geomctrv can be found in the latitude-local time variations of anisotropy determined from spaced receiver scintillation measurements. Figure 8 shows the preliminary results of such a compilation (R. C. It has been shown that convective plasma instabilities are operative in the high-latitude ionosphere. However, they have many important properties that merit further examination. For example, it is now becoming clear that the spectrum of irregularities present on a given flux tube of plasma depends in a complicated way on the past history of that flux tube. Thermal diffusion operates slowly as compared to observed instability growth rates. Thus, instability growth is, to some extent, cumulative as a flux tube convects between unstable and benign regions. Therefore, to predict tht. amount of plasma structure at a given point, the minimum destabilizing influences a flux tube has encountered in crossing the polar regions must be assessed.
These influences include the magnitude and direction of the electric field and neutral wind with respect to the density gradie.nt as well as the amplit tu of the field-aligned current, which is known to be a permanent feature of the auroraL zonc. It is important to furLher charactcri ;:e th global changes in this pattern caused by variations in thi intcrplauL ta ry magnetic field and solar wind conditions. Morove r, high spatialresolution electric-field measurements are required to dtctrm inc the magnitude of velocity shears. Furthermore, smaLl-scaicv waves that are thought to play a role in anomalous diffilsion (which mnay in tuirn be the con'roling factor determining irregularity lifetime) can be dor etted and studied. For example, ii Lhe equ a toria l CaSc, it has heCen shown thMt waves of the drift-mode type a ri more easi lV deitected through their electric-field signatures and that the wave type can be identifid through comparisons of '-E and 5n/n [Kelley et al. , 1982] .
Other crucial elements in the study of anomalous diffusion are to measure the entire spectrum of density structure from hundreds of kilometers to meters, if possible, and to document spectral changes between the polar cap, auroral zone, and trough.
The complicated geometry of plasma density irregularities is an interesting area for further research. Whether this geometry is the result of precipitation structure, nonlinear saturation of a convective 
